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Bell pepper rootstocks with multiple resistance to soilborne diseases
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ABSTRACT

Grafting has been increasingly used to overcome soilborne pathdgercammercial rootstock hybrid$-8253
(Sakata) and FortalezagHii), as well as Embramahew hybrid, BR®&cara, were evaluated as rootstocks for the bell
pepper hybrids Margarita (Syngenta) and Pampa (Clause) as scions, under natural infesfRéishonfa
pseudosolanacearyras well as upon artificial inoculation with a) fealstoniaisolates, b) onhytophthora capsici
isolate, c)Meloidogyne incognitaace 1, and dyleloidogyne enterolobifonly rootstocks for ¢ and d). Grafted bell
peppers consistently showcased a higher productivity than did non-grafted ones undeR npseradosolanacearum
infestation, and the rootstock genotype affected fruit size distribution. Rootstocks presented higher resistance than did
commercial bell pepper hybrids (scions) for 6 out dR&atoniaisolatesAF-8253 and BR3cara displayed an immune-
like response t®. capsicj while Fortaleza was moderately resistant (25% symptomatic plants) and the bell pepper
hybrids (scions) were susceptible (100% symptomatic plants). Rootstocks were immuriadognitarace 1, but
slightly (AF-8253 and BR&cara) or moderately (Fortaleza) resistatt@nteplobii. Grafting with BRSRcara, as well
as withAF-8253 or Fortaleza, is recommended for managing bacterial wilt, Phytophthora blight, and root-knot nematodes.

Keywords: Capsicum annuurh.; grafting; Meloidogyne Phytophthora capsiciRalstonia.

INTRODUCTION (Fegan & Prior2005)causing bacterial wilt d€apsicum

Bell pepper Capsicum annuur.) is one of the most Bacterial wilt of bell peppers in Brazil is predominantly
important vegetable crops grown in tropical angaused by race 1, biovar 3, phylotype | (Lopes & Boiteux,
subtropical regions (Onoyaned al, 2010;Wanget al, 2004; Santiaget al, 2020), which has been recently
2018), generating good revenue for producers around tig¢lassified as a new species, narRedstonia pseudo-
world (Pimentat al, 2016). Its production in greenhousessolanacearuniRossatet al, 2018; Santiaget al, 2020).
has consistently increased in Brazil and, without adequate Phytophthora capsi@auses Phytophthora blight and
crop rotation, the problems with soilborne pathogens haigconsidered the most destructive soilborne pathogen in
increased too. Bell peppers are especially vulnerable @psicuntrops worldwide (Gomez-Rodriguetzal, 2017).
the following soilborne pathogens: the bacterial specidscauses root rot and stem blight, as well as several
complex ofRalstoniagenus, the oomyceRhytophthora secondary symptoms, such as sudden leaf wilting with
capsici, and the nematodes belonging to the genusiccessive plant defoliation, fruit necrosis, plant tipping
MeloidogyngGuerrercet al, 2014; Pinheiret al, 2014; over, and death (Dunet al, 2014; Barchenget al, 2018).
Soarest al, 2018). The root-knot nematoddigeloidogynespp.) is also a

The Ralstoniaspecies complex includes varioussoilborne pathogen that is highly harmful to bell peppers
pathogenic races, biovars, phylotypes, and sequevgPinheiroet al, 2014). h addition to the formation of galls

Submitted on: November 132020 and accepted on Septembef, 2D21.

This research is part of tH@éapsicumBreeding Program of the Brazilian Agricultural Research Corporation (Empresa Brasileira de Pesquisa Agropecuaria, Embrapa).

Embrapa Hortalicas, Brasilia, Distrito Federal, Brazil, carlos.ragassi@embrapa.br; claudia.ribeiro@embrapa.br; carlos.lopes@embrapa.br; jadir.pinheiro@embrapa.br;
ailton.reis@embrapa.br

2Universidade de S&o Paulo, Escola Superior de Agricultura “Luiz de Queiroz”, Programa de Pés Graduagdo em Genética e Melhoramento de Plantas, Piracicaba, Sdo Paulo, Brazil.
albaniajose@gmail.com

*Corresponding author carlos.ragassi@embrapa.br

Rev CeresVicosa, v69, n.3, p. 299-307, may/jun, 2022



https://orcid.org/0000-0003-3433-2567

300 Carlos Francisco Ragasdial.

that impair water and nutrient absorption, the damagé¢HdM.CLAUSE Inc, Davis, United States) studied as scions
roots become sites of infection by fungi and bacterigrafted onto the commercial rootstoéi¥s-8253 (Sakata
enhancing damages to the crop (Metal, 2013). Over Seeds Sudamerica, Braganca Paulista, Brazil), Fortaleza
95 species are described in the geviakidogyngGhule  (Takii Seed, Kyoto, Japan), and BR8ara (Embrapa,

et al, 2014), butM. incognita (Kofoid & White), M.  Brasilia, Brazil), as well as the non-grafted hybrids (scions
javanica(Treub),M. arenaria(Neal) Chitwood, an#l.  without any rootstock), were cultivated in a greenhouse
haplaChitwood are the ones that cause the greatest impacth soil naturally infested witR. pseudosolanacearum
on bell pepper production @get al, 2018). Recently The pathogen was identified by biochemical tests and
M. enterolobiihas gained importance as cultivating plantsultiplex PCR analysis d&alstonia pseudosolanacearum
resistant to the majovleloidogynespecies is proving race 1, biovar 3, phylotype | of tHRalstoniacomplex
inadequate for controlling this particular species (Pinhe{Safniet al, 2014) All genotypes were sown in July 2016,
roetal, 2014). in polystyrene trays using commercial substrate.

Using genetic resistance is the best strategy fdvhenever required, the cleft grafting method was used,
managing soilborne diseases. Resistance gene pyramidivith the aid of a scalpel and a clamp.
in rootstocks used for grafting is useful for overcoming One experiment was carried out, during spring 2016
such diseases, since no resistant commercial bell peppad summer 201¥Ve used a factorial scheme 2 x 3 + 2
hybrids are availabléMihajlovieeet al, 2017; Barchenger (two bell pepper cultivars x three rootstock hybrids + two
et al, 2018). Several rootstocks can be found on th®on-grafted bell pepper cultivars) in a randomized com-
Brazilian market, includingF-8253 (Sakata Seed Sudameyplete block design, with six replications and plots with ten
rica), which is advertised by the seed company as haviptants in double rowsThe soil was classified ag/pic
a high level of resistance B capsiciand theRalstonia Hapludox, pH 5.75, with the following composition: 529.7
complex, as well as the nematodésjavanicaandM.  mgdm®PR, 73 mg dnf K, 5.5 cmo|dm? Ca, 3.3 cmqldnt?
incognita,races 1, 2, 3, and 4; and Fortalezak(TSeed), Mg, 0.0 cmo] dm® Al, and 26.0 g dm organic matter
recommended by its producing company for cultivatiofO.M.). Fertilization was carried out with 150 kg'hd
in areas with bacterial wilt, Phytophthora blight, and rootapplied as urea, 200 kg h#&,0, applied as single
knot nematode infestation. Moreoyehe Capsicum superphosphate, 2.2 kg'hB applied as borax, and 4 kg
breeding program of the Brazilidgricultural Research ha' Zn applied as zinc sulfate. Seedlings were transplan-
Corporation (Empresa Brasileira de Pesquéigaope- ted to the plots ten days after grafting, with a separation
cuéria, Embrapa) released a new hybrid rootstock, BR$0.4 m between plants in the same row and 0.4 m between
Acara, with multiple disease resistance and a high potentialvs in a bed of two rows, while the spacing between two
for success in the market. Previous studies have indicateelds (two double-lines) was 1.6 m. Plants were drip
satisfactory compatibility of this rootstock with some bellrrigated and tutored. Fertigation was performed biweekly
pepper hybrids, namely Margarita (Syngenta), Rubia ®ith ammonium sulfate and mono potassium phosphate
(Sakata Seed Sudamerica), Magali R (Sakata Se@dKP) until the last harvest, corresponding to a total of
Sudamerica), and Maximos (Clause) (Madeira, 2016). 200 kg ha N, 150 kg h& P,O,, and 200 kg haK,0.

This research compared Embraphybrid rootstock Six harvests were carried out between November 2016
BRSAcara withAF-8253 and Fortaleza by grafting themand March 2017. Fruits were classified according to the
to two major bell pepper hybrids used in Brazil, Margaritéength classes adopted by the Brazilian market: large (> 15
(Syngenta) and Pampa (Clause), and inoculating them withn), medium (12 to 15 cm), and small (8 to 12 cm). Fruits
Ralstoniacomplex,P. capsicj M. incognita,andM. damaged or smaller than 8 cm were considered only for

enterolobii calculating the number and productivity of total fruits
(NTF and PTFrespectively)The sum of lage, medium,
MATERIAL AND METHODS and small fruits was recorded as number and productivity

An experiment under natural infestation with of marketable fruits (NMF and PMFespectively)The
pseudosolanacearuras well as three experiments undedata of the PTF and the PMF per hectare, and of NTF and
artificial inoculation withRalstoniaspp.,P. capsici M.  NMF in percentage of fruits in size-classes were analyzed
incognitaandM. enterolobij were carried out at Embrapawith an analysis of variance and the Scott & Knott test (

Hortalicas, Brasilia, DPBrazil. <0.05).
Reaction to R. pseudosolanacearum in a Reaction to soilborne pathogens upon artificial
naturally infested soil inoculation Ralstonia spp.

Bell pepper hybrids Margarita (Syngenta Crop The bell pepper hybrids Margarita and Pampa (scions),
Protection, Greensboro, United States) and Pampa well as the rootstocks BR8ard, Fortaleza, anilF-
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Bell pepper rootstocks with multiple resistance to soilborne diseases 301

8253, were inoculated with folrRalstoniaspp. isolates plot. Disease incidence was evaluated by the index of
(2017 experiment) and sevRalstoniaspp. isolates (2018 plants with symptoms (%), attributed to each plot 13
experiment)All five genotypes (two scion bell peppersDAI (62 DAS). The score attributed to each plot (0, 50,
and three rootstock hybrids) were sown in polystyrena 100) corresponded to the percentage of symptomatic
trays filled with commercial substrate. Seedlings werglants.Wilted plants with a darkened stem base, which
inoculated with one of the isolates Rélstoniaspp. by is typical of the disease, were considered as
spraying the roots (plugs containing the roots) of eadymptomatic plants.

plant with 5 mL of a bacterial suspension containing

approximately 10CFU mL?! (Lopes & Boiteux, 2016) right Root-knot hematodes

after the seedlings were detached from trays for geeglings of the rootstocks were cultivated in pots
transplanting. Transplanting was carried out 47 days aftgf,qer controlled conditions before being inoculated with
sowing (DAS) to 0.5 L plastic pots with sterile soll mixturethe root-knot nematodel. incognitarace 1 orM.

kept in a greenhouse with night heating used to preveliiierqiobii Seedlings were transplanted 70 DAS to 2.0 L
temperature drop below 20°C that could increase they fijled with sterile substrate composed of soil, washed
chance of escapes. During the experimental Pe“O?" t88nd, cattle manure, and carbonized rice straw in equal
temperature was 30°+10°C. The greenhouse experimepfime parts. Following transplanting, the plants were
was arranged in a completely randomized design, Wifocjated with a 5.0 mL suspension containing 5,000 eggs
three replications and six plants per plot (one plant pgf,4 second-stage juveniles (J2Mofincognitarace 1 or
pot) in 2017 and four replications and four plants per pl§} cnteplobii. A completely randomized design was
in 2018 (one plant per pot), in a factorial sch@apsicum ,seq ith six replications consisting of one plant each.
genotypes XRalstoniaspp. isolates. Treatments consisted of the three rootstock hybrids (‘AF-

The isolates used in 2017 were thRRepseudoso- gr53: ‘Fortalezaand ‘BRSACard), a resistant control for
lanacearumCNPH RS594, CNPH RS628 and CNPHRS639  incognita (i.e., tomato cultivar Nemadoro) and a

respectively originated from Sgipe Amazonas and Para g ,sceptible control (i.e., tomato cultivar Rutgers).

States, Brazil, and orfe solanacearuniovar I, isolate The traits evaluated were the egg mass index (EMI)
CNPH RS652, from Sao Paulo State, Brazil. Seven isolat&gn index (GI), number of eggs and second-stage

were used in 2018, four beirigy pseudosolanacearum ;,\eniles per gram of root (NERG), reproduction factor
CNPH RS541, CNPH RS634, CNPH RS672 and CNPk i) (0ostenbrink, 1966), and reproduction index (RI1%)

RS639 respectively originated from Federal District, Pia“dTaylor 1967; Soare®t al, 2018) 70 days after
Amazonas and Para States, Brazil, and three tﬁjnginoculation (DAI). The indexes EMI and G| were
solanacearunbiovar |, isolates CNPH RS668, CNPHg, 5 ated to facilitate the interpretation of the NERG

RS623 and CNPH RS670, the first one being originatng and RI. Plants were collected separattig roots

from Espirito Santo, and the others from Séo Paulo Staje. e \washed in running wateand egg masses were

Brazil _ ~ colored according to Dickson & Struble (1965). Then,
Disease severity was assessed 15 days after inocylds umber of egg masses in each root system was

tion (DAI; 62 DAS). The scores ranged from 1 10 5, theicyjated under a stereoscopic microscope. The EMI

lowest grade corresponding to the total absence of wilting,, « ostimated according to Huaetgal. (1986), using

and the highest one corresponding to the plant deaft}, jes 1 to 5. The Gl was determined by grades 110 5,

Plants with irreversible wilting symptoms were attribute ccording to Charchat al.(2003), galls bigger than 3

grades equivalent to or above 3. Scores from 1.5 to 2.3, being considered as large. For the NERG analysis,
were given to plants with a light wilting symptom, which, 5+s were washed, dried at room temperature {38
could recover following irrigation. C), and weighed, before being processed according to
Phytophthora capsici Hussey & Barker (1973), moQified by Bqngti & Fer'raz
) ) %1981). The RF was determined by dividing the final
Seedlings of all five genotypes were transplante o . _ N Pr

47 DAS to 1.0 L pots with sterile soil mixture, two plantdPf) and initial (Pi) population densitieRx = —5-)
per pot.Two days after transplanting, the base of eacf©ostenbrink, 1966). Plants with RF = 0 were considered
plant was poured with 3 mL of a solution containing 2 'as immune (l), plants with RF < 1 as resistant (R), and
10* zoospores mt of the P. capsiciisolate Pcp 16. plants with RF > 1 as susceptible (S). The RI% was
The Pcp 16 isolate belongs t@ capsicirace 18; itwas obtained by dividing the plad’ Pf by the Pf of the
collected in &apsicum baccaturiield in Goids State, susceptible control (tomato cultivar Rutgers). Plants
Brazil. A completely randomized design was used, witlvith Rl > 50% were considered as susceptible, plants
five treatments, four replications, and two plants pewrith Rl between 26% and 50% as slightly resistant,
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between 11% and 25% as moderately resistant, betwemno Fortalea and BRSAcara, as well as non-grafted
1% and 10% as very resistant, plants with Rl < 1% a4argarita, averaged 53% of fruits with a length of 8-12
highly resistant, and plants with RI=0% as immunem. Percentages of Margarita fruits in the other size clas-
(Taylor, 1967; Soarest al,, 2018). ses were 43% for 12—15 cm and 2% for fruits longer than
Statistical analyses for the artificial inoculation15 cm. Pampa produced the same percentage of fruits with
experiments were carried out and means were group&dength of 12-15 cm (47%) regardless it was grafted or

with the Scott & Knott testp(< 0.05). not. Nevertheless, the percentage of fruits longer than 15
cm decreased when Pampa was grafted (namely 2%, 1.7%,
RESULTSAND DISCUSSION and 0.5% when grafted onto BR8ara,AF-8253, and
Production in a soil naturally infested with R.  Fortaleza, respectively) in comparison to non-grafted
pseudosolanacearum Pampa (7.8%). Finallythe percentage of 8-12 cm long

The incidence of bacterial wilt influenced decisively®@mpa fruits was higher for grafted (54%, 49%, and 42%
the yield and quality of fruit§)ilting symptom was evenly for Fortaleza, BR8cara, and\F-8253, respectively) than
distributed through the experimental area and graftidipn-grafted Pampa (37%).
strongly reduced the occurrence of wilting. Non-grafted Productivity was compared between non-grafted
Margarita was the most affected genotype (30% wiltegPntrols with a contrast analysis and differences were
plants), whereas the wilt incidence in Margarita wagignificant 0 <0.05). Pampa presented a higher yield than
reduced to 8.3%, 3.3%, and 0% when grafted onto Forf¥argarita, resisting more undRr pseudosolanacearum
leza, BRSAcara, and\F-8253, respectively infestation, which was probably due to a higher level of

The production of the grafted treatments wakesistance (@ble 1).
compared directly to their respective non-grafted control Concerning the factorial analysis (rootstock x bell
using a line-contrast analysisadle 1), aiming to test the Pepper hybrid), a significant effect of the bell pepper
hypothesis that grafting was advantageous for cultivatidtybrid on the number of total and marketable fruits per
in a soil infested withR. pseudosolanacearurthe hectare was observed. Pampa presented a higher number
factorial experiment (rootstocks x bell pepper hybrids)f fruits per hectare (462,100 total and 418,000 marketable
was analyzed excluding non-grafted controls, whicfiuits ha') than did Margarita (422,300 total and 372,300
allowed testing differences, as well as the interactiomarketable fruits h§. The total number and number of
between rootstocks and bell pepper hybrids. marketable fruits per hectare (442,200 and 395,100 fruits

For all production variables, a difference between 4@, respectively) were not affected by the rootstock, and
least one grafted treatment and its respective non-grafté@ total mass of fruits (59.9 t Haand the mass of
control was noticed. Higher values were consistentijarketable fruits per hectare (57.1 thaere not affected
found for the grafted treatments, not only confirming thBy rootstock or bell pepper hybrid.
effectiveness of this technique for overcoming bacterial Although the rootstock genotype did not influence
wilt, but also showing that this advantage depends éhe productivity variables, it did affect fruit-size
the rootstock genotype. distribution (Table 2). Nevertheless, the percentage of

The fruit mass in the smallest marketable size class (8¥arketable fruits (total of marketable classes, in mass)
12 cm) was lower for Magarita grafted ontdF-8253 (41%) was not affected by the rootstock or bell pepper genotype
than for non-grafted Margarita (54%). Margarita graftedaveragef 95%).

Table 1 Total and marketable fruit yields of bell pepper hybrids d4dta and Pampa, both grafted and non-grafted, from a
greenhouse naturally infested witlalstonia pseudosolanacearuBrasilia, 2017

Total yield (per hectare) Marketable yield (per hectare)
Number of fruits Number of fruits
M t M t
(thousands) ass (1 (thousands) ass (1
HYBRID Margarita Pampa Margarita Pampa  Margarita Pampa Margarita ~ Pampa
Non-grafted  326.8 395.4 37.43 50.25 260.3 362.2 35.72 48.54
AF-8253 419.4** 464.2*  60.91* 56.64° 378.6** 421.8¢ 58.35** 54.08s

Fortaleza 419.1** 436.4° 55.03** 64.54* 370.6** 385.2¢ 52.23* 61.40*
BRSAcara 428.4** 485.7**  61.52** 60.58 367.7*%* 446.9* 57.96** 58.61¢

C.V. (%) 9.9% 18.33 15.16 20.08

"non-significant, *significant (p < 0.05) and **highly significant (p < 0.01) difference between a given grafting treatment and its
corresponding non-grafted contréthighly significant (p < 0.01) effect of treatments (hybrids and rootstocks) in the analysis of variance.

ROOTSTOCK
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Reaction to soilborne pathogens upon interaction between the genotypes and Radstonia
artificial inoculation Ralstonia species isolates was significant, indicating that the level of
complex resistance of a genotype depends on the isolate, as

The genotypes (rootstock and scion) reacted differefY99ested by Lopes & Boiteux (2004).
tly to theRalstoniaisolates. Symptoms were not observed All rootstocks displayed an immune-like response to
for the isolate CNPH RS623, thus indicating its loW?NPH RS594 and CNPH RS634. Similar results were
virulence. This was probably due to long time preservatigPServed for CNPH RS668, but the difference was not
in vitro. As for the isolates CNPH RS628 and CNPH Rs658ignificant of the rootstocks in comparison to the bell

typical wilting was observed (Figures 1 and 2). Th@€PPer Margarita. Overall, the rootstock genotypes
presented a significantly higher resistance to the isolates

Table 2 Commercial size class distribution of fruits produced by bell pepper hybrids grafted detendifootstocks under
Ralstonia pseudosolanacearunatural infestation

Size class > 15 cm (%?) 112; 15] cm 18; 12] cm
HYBRID Margarita Pampa (%Y)

S AF-8253 5.0¢ 15 50.9 41.4

g Fortaleza 0.2 0.5 40.9 53.3

5 BRSAcara 0.5 2.0 42.9 50.9

8 C.V. (%) 82.4%%:2 82.4s72 21.9* 18.6**

1percentage was calculated in mass; 2coefficient of variation of data transformed into cubimeoetignificant, *significantf < 0.05)
and **highly significant p < 0.01) differences among rootstocks.
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Figure 1: Severity of wilt caused by folralstoniaisolates (RS) from Embrapa Hortaligas bank (CNPH) in bell pepper hybrids and
rootstock genotypes, evaluated in 2017 through scores ranging from 1 (no wilt) to 5 (completely dried leaves). Different uppercase
letters indicate different scores among genotypes considefRajstoniaisolate and distinct lowercase letters indicate different
virulence ofRalstoniaisolates for a plant genotype, as assessed by the Scott & Knott test (p < 0.05), CV 12.9%.
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Figure 2: Severity of wilt caused by sevétalstoniaisolates (RS) from Embrapa Hortalicas bank (CNPH) in bell pepper and
rootstock genotypes, evaluated in 2018 through scores ranging from 1 (no wilt) to 5 (completely dried leaves). Different uppercase
letters indicate different scores among genotypes considdRalg@niaisolate (RS) and distinct lowercase letters indicate different
virulence ofRalstoniaisolates for a plant genotype, as assessed by the Scott & Knott test (p < 0.05), CV 20.6%.
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CNPH RS541, CNPH RS594, CNPH RS634, CNPH RS65@ize that an intermediate level of resistance would be
CNPH RS670, and CNPH RS672, than did the bell peppenough to protect against bacterial wilt under crop
hybrids. Individually the rootstock genotyp@g--8253, rotation cultivation. Howeverthigher resistance levels
Fortaleza, and BR&cara were more resistant than thevould be necessary for the disease-conducive climate
bell pepper hybrids, namely for eight, eight, and sinf Northern and Northeastern Brazil, whose regions are
Ralstoniaisolates out of the ten isolates evaluatedsharacterized by the prevalence Rf pseudoso
respectively lanacearum

There were instances of similar resistance levels
between bell pepper hybrids and rootstock genotypes Phytophthora capsici
for three isolates (CNPH RS623, CNPH RS668, and CNPH The genotypes presented different levels of resistance
RS628). That is, the bell pepper hybrid Margarita wa® P. capsici(Figure 3). Magarita and Pampa were not
similarly resistant to the isolate CNPH RS668 as were aktsistant tdP. capsicior, at least, to the isolate used in
the three rootstock genotypes, whereas the hybrid Panthis study Contrastingly all studied rootstocks had a
and the rootstock BR&card had comparable resistancénigher resistance level in comparison to the commercial
levels to the isolate CNPH RS628. Howeveme of the bell pepper hybrids, thus underlining the advantages of
bell pepper hybrids showcased a resistance level higlgafting. Notablythe best grafting results for controlling
than that of any of the rootstocks. This reinforces theé capsiciare likely to be obtained usiidr-8253 or BRS
advantage of using those rootstocks as a strategy to féamara rather than Fortaleza because it has not displayed

bacterial wilt in bell pepper crops. an immune-like reaction tB capsiciisolate Pcp 16 as
The five genotypes did not react differently betweedid AF-8253 and BR3cara.
R. solanacearmandR. pseudosolanaceam Although Most Capsicumcultivars are either very susceptible

R. pseudosolanacearuims been found to be moreor only partially resistant tB. capsici(Barchengeet al,
aggressive ta&Capsicumspp. (Lopeset al, 2015), the 2018). The resistant phenotypes are determined by a single
isolates CNPH RS652 and CNPH RS&Glanacearurn  dominant gene for each capsicirace inC. annuum

were highly virulent too. This fact reinforces the statemeriMonroy-Barbosa & Bosland, 2010). Thus, plant breeders
from Lopes & Boiteux (2016) that resistance to bacteriahust pyramid multiple resistance genes in a cultivar to
wilt is isolate-specific rather than species or phylotypgenerate host resistance to several diseases and for the
(or biovar) specific. In this wayreeding for resistance cultivar to survive to each single race Pf capsici

must be undertaken with locBblstoniaisolates. (Barchengeret al, 2018). Ribeiro & Bosland (2012)

We emphasize thafapsicumspp. have not been reported the high virulence of race 18 in pepper genotypes,
considered as susceptible hostRafstoniaspp., unlike the same race used in this research, which highlights the
Solanumspecies, especially potatoes and tomatoesnportance of the immunity of BR&ard and\F-8253.
Therefore, choosing a rootstock should consider the
prevalence of aggressive strains at the location and the
contamination level (bacterial population) in the soil. Both M. incognitarace 1 andM. enterolobii
Under normal conditions in Southern and Southeastep@pulation increased considerably in the susceptible
Brazil, whereR. solanacearuris prevalent, we hypothe- control, the tomato cultivar Rutgersade 3).

Root-knot nematodes

100
75
50

25
0

AF-8253 Fortaleza BRS Acara Margarita Pampa
Genotype

Disease incidence (% of plants)

Figure 3: Incidence of wilt caused blghytophthora capsicin bell pepper and rootstock genotypes. Different letters indicate
significant difference, as assessed by the Scott & Knott test (p < 0.05), CV 28.69%.
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Table 3 Reaction of rootstocks and control genotypes to root-knot nemaitedeisiogyne incognitandMeloidogyne entelobii

Meloidogyne incognita race 1

Genotype Reaction (RF) RI(%)°® Reaction (RI)
EMIt G2 NERG3 RF4
Nemadoro 1.0 1.0 67.2 0.2 Resistant 1.26 Very resistant
Rutgers 5.0 4.7 7486.7 30.7 Susceptible 100.06 Susceptible
AF-8253 1.3 1.3 21.2 0.0 Resistant 0.27 Highly resistant
Fortaleza 1.0 1.0 20.5 0.0 Resistant 0.22 Highly resistant
BRSAcara 1.3 1.3 18.8& 0.0 Resistant 0.13 Highly resistant
CV (%) 16.89 21.43 31.20** 35.08** 30.08**
Meloidogyne enter ol obii ) .
Genotype Reaction RI (%) ° Reaction (RI)
EMIt G2 NERG® RF®
Nemadoro 4.7 5.0 2889.8 22.58 Susceptible  109.76 Susceptible
Rutgers 5.0 5.0 4879.3 20.3 Susceptible  100.06 Susceptible
AF-8253 5.0 5.0 2905.8 5.8 Susceptible 29.88 Slightly resistant
Fortaleza 4.0 4.0 1543.3 3.0 Susceptible 14.36 Moderately resistant
BRSAcara 4.8 4.8 4702.8 6.7 Susceptible 32.03 Slightly resistant
CV (%) 12.16 10.97 28.13* 23.61** 21.34**

legg mass index; 2gall index; 3number of eggs and second-stage juveniles per root gram, coefficient of variation and statistical analysis used
data transformed bgen (x + 1) ;%eproduction factor, coefficient of variation and statistical analysis used data transformesr by017);
Sreproduction index, coefficient of variation and statistical analysis used data transformedrwftoéfficient of variation and statistical

analysis used data transformed with, coefficient of variation and statistical analysis used data transformed with ; *significant (p < 0.05) and
**highly significant (p < 0.01) difference between genotypes.

The resistance dhe tomato cultivar Nemadoro kb. Meloidogyne enterolobis an emerging pathogen and
incognitarace 1 was confirmed and the auxiliary variablefew sources of resistance in the ger@epsicumare
EMI and Gl, in general, confirmed the results obtained fafescribed in the literature (Pinhe@tal, 2020). Moreover
NERG RF, and RI for both nematode speciddl preliminary studies have shown th@apsicumpeppers
rootstocks were immune or highly resistarfftancognita  are more susceptible td. enterolobiithan to other
race 1, based on the RF or RI values, respectivebpecies of root-knot nematodes (Pinheiral, 2020).
Contrastingly all the rootstocks were classified as Meloet al.(2011) reported a moderate resistance to
susceptible td1. enteplobii according to their Rfvhile M. enterolobiiin two Capsicumgenotypes, namely
slightly resistant (AF-8253 and BR®ara) or moderately BGH-433 and BGH-4285, in keeping with the lower
resistant (Fortaleza) according to their RI. Interestinglgysceptibility of theCapsicumrootstocks studied
the Scott-Knott grouping of RF coincided with the Rherein. Moreoverreports on diferent levels of
classification into different levels of resistance Okuysceptibility or even resistance @apsicumcan be
susceptibility found in the literature (Pinheiret al, 2013). Most

Resistance has been reported in some lines apgently pinheiroet al. (2020) reported resistance to
cultivars ofCapsicunto differentMeloidogynespecies 1 anterolobiiin BRS Nandaia, a habanero pepper cul-
and races (Hendgt al, 1985; Feryet al, 1998; Djian- tivar of theC. chinensespecies.

Caporalincet al, 1999; Castagnone-Seresioal,, 2001;
Thies & Fery2002). Possiblythe studied rootstocks carry CONCLUSIONS

one or more major pepper resistance genkeks ilmcognita . . . .
(Djian-Caporalingt al, 2011). Grafting with all the rootstock hybrids evaluated in

No genotype was resistantitb enterolobiiaccording this study was equally effective for commercial production

to the RE One rootstock genotype was classified ai:Q soil naturally infested witR. pseud.osgllanacear.um
moderately resistant and the other two were slightfyloT€0Ver the rootstocks presented significantly higher
resistant based on the RAlthough the reference resistance to most o_f thialstoniaspp. isolates than did
(susceptible control) used to calculate the RI in our stud§}e Pell pepper hybrids.

was a tomato (instead Gapsicunspp.) cultivarknown Two of the rootstocksAF-8253 and BRSAcara,

to be highly susceptible, the obtained RI showed tréisplayed an immune-like responseRccapsicj while
actual response of the rootstockdvtoenterolobii That Fortaleza was moderately resistant, and both the bell
is, the classification confirmed the formation of multiplepepper hybrids Margarita and Pampa (scions) were highly
groups of susetibility. susceptible to this pathogen.
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All three rootstocks were immunelb incognitarace ~ Ghule TM, SinghA & Khan MR (2014) Root knot nematodes:
1 Fortaleza was moderately resistant. AReB253 and threat to Indian agriculture. Popular Kheti, 2:126-130.

BRSAcara were slightly resistant M. enteplobii. Gomez-Rodriguez O, CoronaifesT & Aguilar-Rincon VH
gntly (2017) Differential response of peppeZapsicum annuunt.)

Grafting with BRSAcara, as well as withF-8253 and lines to Phytophthora capsicand root-knot nematodes. Crop
Fortaleza, is recommended for managRstonia P. Protection,92:148-152.

Capsici and the root_knot nematoddsincognitarace 1 Guerrero MM, Guirao PMartinez-Lluch MC,Tello JC & Lacasa
.. A (2014) Soil fatigue and its specificity towards pepper plants
andM. enterolobii

in greenhouses. Spanish JournalAgfricultural Research,

12:644-652.
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